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FIG. 8
PictArray™ SARS-CoV-2 1gG assay_NIBSC Reference Panel
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FIGS. 9A-9B
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IMMUNOASSAY FOR SARS-COV-2
ANTIBODIES

FIELD OF THE INVENTION

The present invention relates generally to multiplex
immunoassays and specifically to the detection of SARS-
CoV-2 antibodies produced 1n response to a SARS-CoV-2

intection.

BACKGROUND INFORMATION

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) 1s the strain of coronavirus that causes coronavirus
disease 2019 (COVID-19), the respiratory 1llness respon-
sible for the COVID-19 pandemic. SARS-CoV-2 1s an IV
positive-sense single-stranded RNA virus that 1s contagious
in humans.

Each SARS-CoV-2 virion 1s 50-200 nanometers 1n diam-
eter. Like other coronaviruses, SARS-CoV-2 has four struc-
tural proteins, known as the SP (spike), E (envelope), M
(membrane), and NP (nucleocapsid) proteins; the NP protein
holds the RNA genome, and the SP, E, and M proteins
together create the viral envelope. The spike protein, which
has been 1imaged at the atomic level using cryogenic electron
microscopy, 1s the protein responsible for allowing the virus
to attach to and fuse with the membrane of a host cell;
specifically, 1ts S1 subunit catalyzes attachment, the S2
subunit fusion.

Protein modeling experiments on the spike protein of the
virus soon suggested that SARS-CoV-2 has suflicient athinity
to the receptor angiotensin converting enzyme 2 (ACE2) on
human cells to use them as a mechanism of cell entry. It has
been shown that ACE2 could act as the receptor for SARS-
CoV-2. Studies have shown that SARS-CoV-2 has a higher
aflinity to human ACE2 than the original SARS virus strain.
SARS-CoV-2 may also use the protein basigin (CD147) to
assist 1n cell entry.

Initial SP priming by transmembrane protease, serine 2
(TMPRSS2) 15 essential for entry of SARS-CoV-2. After a
SARS-CoV-2 virion attaches to a target cell, the cell’s
protease TMPRSS2 cuts open the SP of the virus, exposing
a fusion peptide 1n the S2 subunit, and the host receptor
ACE2. After fusion, an endosome forms around the virion,
separating 1t from the rest of the host cell. The virion escapes
when the pH of the endosome drops or when cathepsin, a
host cysteine protease, cleaves 1t. The virion then releases
RNA 1nto the cell and forces the cell to produce and
disseminate copies of the virus, which infect more cells.
SARS-CoV-2 produces at least three virulence factors that
promote shedding of new virions from host cells and mhibit
Immune response.

There 1s a need for a rapid and accurate diagnostic test for
the detection of a SARS-CoV-2 infection. Ideally, the diag-
nostic test would detect evidence of a prior infection, e.g.,
antibodies produced against the SARS-CoV-2 virus.

SUMMARY OF THE INVENTION

The present invention 1s based on the seminal discovery
of the use of multiplex immunoassays for detection of
infection caused by SARS-CoV-2, e.g., COVID-19. Specifi-
cally, the mvention provides immunoassays that detect anti-
bodies produced 1n response to infection by SARS-CoV-2.

In one embodiment, the present mvention provides, a
substrate with at least two capture elements specific for
SARS-CoV-2 on the substrate, each capture element corre-
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sponding to and being able to bind a target analyte, the
substrate further optionally with a plurality of control ele-
ments comprising: at least one fiduciary marker, at least one
negative control to monitor background signal, at least one
negative control to monitor assay specificity, at least one
positive colorimetric control, at least one positive control to
monitor assay performance and any combination thereof. In
one aspect, the capture elements bind target analytes,

wherein the target analytes are indicative of exposure to
SARS-CoV-2 and/or COVID-19. In one aspect, the target
analyte 1s an antibody, an antibody fragment, an antibody
binding domain, or any combination thereof. In another
aspect, the target analyte 1s a SARS-CoV-2 antibody, frag-
ment or binding domain thereof. In an additional aspect, the
capture element 1s a protein, a protein fragment, a binding
protein (BP), a binding protein fragment, an antigen, a virus
protein, or any combination thereof. In one aspect, the
capture element 1s a virus structural protein or epitope
thereof. In an additional aspect, the virus structural protein
or epitope thereot 1s selected from a SARS-CoV-2 Mem-
brane protein (MP), Nucleocapsid protein (NP), Spike pro-
tein (SP), fragment thereof or any combination thereof. In a
turther aspect, the virus structural protein or epitope thereof
1s a Nucleocapsid protein or Nucleocapsid protein fragment.
In one aspect, the substrate 1s a solid or a porous substrate.
In an additional aspect, the solid substrate 1s a paramagnetic
bead, microtiter plate, microparticle, or a magnetic bead. In
another aspect, the porous substrate 1s a membrane.

In an additional embodiment, the present invention pro-
vides a kit for detecting a plurality of target analytes 1n a
sample, containing a substrate and optionally one or both of
a background reducing reagent, and a colorimetric detection
system. In one aspect, the kit also contains one or more items
from a wash solution, one or more antibodies for detection
of antigens, ligands or antibodies bound to the capture
clements or for detection of the positive controls, software
for analyzing captured target analytes, and a protocol for
measuring the presence of target analytes 1n samples. In an
additional aspect, the antibodies for detection are antibody-
binding protein (BP) conjugates, antibody-enzyme label
conjugates, or any combination thereof. In a turther aspect,
the sample 1s a nasal swab or a blood sample, e.g., serum
and/or plasma. In one aspect, the substrate 1s a solid or a
porous substrate. In an additional aspect, the solid substrate
1s a paramagnetic bead, microtiter plate, microparticle, or a
magnetic bead. In another aspect, the porous substrate 1s a
membrane.

In a further embodiment, the present invention provides
methods of detecting exposure of a subject to SARS-CoV-2
by contacting a substrate with a biological sample from the
subject, wherein the subject 1s suspected of having COVID-
19 or at risk of having COVID-19; and detecting the
presence of an antibody that binds to SARS-CoV-2, or a
combination thereot, thereby detecting exposure of the sub-
ject to SARS-CoV-2. In one aspect, the detection method 1s
a colorimetric, absorbance, chemiluminescence or a fluo-
rescence signal. In certain aspects, the detection method 1s
clectrochemical, surface plasmon resonance, localized sur-
face plasmon resonance or mterferometry. In an additional
aspect, the antibody 1s IgG and/or IgM. In a further aspect,
the sample 1s a blood sample, e.g., serum and/or plasma.

In another embodiment, the present invention provides
methods for processing a microarray by providing a sub-
strate, adding at least one sample to the substrate, and
processing the substrate such that a detectable result 1s given
by two or more of at least one fiduciary marker, at least one
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positive colorimetric control, and at least one positive con-
trol to monitor assay performance.

In one embodiment, the present invention provides meth-
ods for detecting an analyte 1n a sample comprising provid-
ing a substrate, adding at least one sample to the substrate,
and processing the substrate such that a detectable result 1s
provided. In one aspect, the detectable result includes two or
more of at least one fiduciary marker, at least one positive
colorimetric control, and at least one positive control to
detect an analyte in the sample.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 shows an overview of the COVID-19 multiplex
immunoassay (MIA). Indirect immunoassay (IA) for the
detection of antibodies (IgM and 1gG) against SARS-CoV-2.

FIGS. 2A-2E show a COVID-19 MIA protocol design.
FIG. 2A. Printing of SARS-CoV-2 structural proteins on the
assay surface. FIG. 2B. Blocking of assay surface after
protein/Ab printing. FIG. 2C. Detection of target COVID-19
analytes 1n the patient sample. FIG. 2D. Detection of spe-
cifically bound COVID-19 analytes by binding with HRP-
labelled detection Ab against the analytes. FIG. 2E. Gen-
eration of colorimetric array spots by the addition of HRP
substrate (ITMB).

FIGS. 3A-3B show a COVID-19 MIA-Membrane-based,

Single well assay. FIG. 3A. 16-well platform employing the
nitrocellulose membrane as the substrate for the printing of
spots. FIG. 3B. capture antibody against NP and the SARS-
CoV-2 structural proteins, 1.e. NP, MP, and SP, are printed 1n
duplicate. The positive control spots are printed 1n the well.
The white circles signify that nothing has been printed at that
specific position.

FIGS. 4A-4B show a COVID-19 MIA-Membrane-based,
Single well, using grouped SARS-CoV-2 structural protein
assay. FIG. 4A. 16-well plattorm employing the nitrocellu-
lose membrane as the substrate for the printing of spots. FIG.
4B. Grouped SARS-CoV-2 structural proteins, 1.e. NP, MP,
and SP, 1n a mixture are printed in duplicate 1n the same well.
The positive control spots are printed in the well. The white
circles signify that nothing has been printed at that specific

position.
FIGS. 5A-5B show a COVID-19 MIA-Membrane-iree,

Single well assay. FIG. 5A. 96-well microtiter plate (12
detachable strips of 8 wells each) 1s used as substrate for the
printing of spots. FIG. 5B. Capture Ab against NP and the
SARS-CoV-2 structural proteins, 1.e. NP, MP, and SP, are
printed 1 duplicate in each well of another strip. The
positive control spots are printed in the well. The white
circles signify that nothing has been printed at that specific

position.
FIGS. 6A-6B show a COVID-19 MIA-Membrane-iree,

Single well, using grouped SARS-CoV-2 structural proteins
assay. FIG. 6 A. 96-well microtiter plate (12 detachable strips
of 8 wells each) 1s used as substrate for the printing of spots.
FIG. 6B. Grouped SARS-CoV-2 structural proteins, 1.e. NP,
MP, and SP, 1n a mixture are printed 1n duplicate in each well
of another strip. The positive control spots are printed 1n all
the wells. The white circles signity that nothing has been
printed at that specific position.

FIGS. 7TA-7B show COVID-19 MIA (Membrane-based,
Single well assay). FIG. TA. 16-well plattorm employing the
nitrocellulose membrane as the substrate for the printing of
spots. FIG. 7B. The SARS-CoV-2 structural proteins, 1.e.,

NP and SP, are printed 1n duplicates.
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FIG. 8 shows an assessment of First WHO International
Retference Panel for anti-SARS-CoV-2 Immunoglobulin

using the COVID-19 MIA.

FIGS. 9A-9B show COVID-19 multiplex immunoassay
ELISA-based format—conventional 96 wells ELISA plate
(12 strips of 8 wells each)-membrane free. FIG. 9A. Con-
ventional 96 wells ELISA plate. FIG. 9B. NP and SP
SARS-CoV-2 proteins printed 1n duplicate.

FIG. 10 shows Wells’ regions used to calculate the assay
background. The assay background was calculated as a
median of the intensity obtained across the region inside the
dark circles.

FIGS. 11A-11E show the printing layout and wells at the
end of an assay. FIG. 11A. Printing layout. FIG. 11B. Assay
run using Anti-N Protein reconstructed human mAb, IgG at
1 ug/ml as a sample. FIG. 11C. Assay run using Anti-Spike-
RBD human reconstructed mAb, IgG at 1 ug/ml as a sample.
FIG. 11D. Assay run using a sample (Panel #18) which 1s
reactive for both SARS-CoV-2 Nucleocapsid Protein and
SARS-CoV-2 Spike Glycoprotein (S1). FIG. 11E. Assay run
using a sample (Panel #34) which 1s non-reactive for both
printed antigens. The visible signal at SARS-CoV-2 NP
spots 1s the highest background observed across all the
non-reactive samples tested.

FIG. 12 shows an assessment of First WHO International
Reference Panel for anti-SARS-CoV-2 Immunoglobulin
using the COVID-19 MIA-membrane iree, single well for-
mat.

FIGS. 13A-13B show COVID-19 multiplex immunoas-
say ELISA-based format—96 wells ELISA plate (12 strips
of 8 wells each)-membrane free. FIG. 13A. Conventional 96
wells ELISA plate. FIG. 13B. NP and SP SARS-CoV-2
proteins are mixed then printed 1n duplicate.

FIG. 14 shows the Wells’ regions used to calculate the
assay background. The assay background was calculated as
a median of the intensity obtained across the region inside
the dark circles.

FIGS. 15A-15E show printing layout and wells at the end
of an assay. FIG. 15A. Printing layout. FIG. 15B. Assay run
using Anti-N Protein reconstructed human mAb, IgG at 1
ug/ml as sample. FIG. 15C. Assay run using Anti-Spike-
RBD human reconstructed mAb, IgG at 1 ug/ml as sample.
FIG. 15D. Assay run using a sample (Panel #18) which 1s
reactive for both SARS-CoV-2 Nucleocapsid Protein and
SARS-CoV-2 Spike Glycoprotein (S1). FIG. 15E. Assay run
using a sample (Panel #34) which 1s non-reactive for both
printed antigens. The visible signal at SARS-CoV-2 NP&SP
mixed spots 1s the highest background observed across all
the non-reactive samples tested.

FIG. 16 shows an assessment of First WHO International
Reference Panel for anti-SARS-CoV-2 Immunoglobulin
using the COVID-19 MIA-membrane free, single well,
using grouped SARS-CoV-2 structural proteins format.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

The present invention 1s based on the seminal discovery
of the use of multiplex immunoassays for detection of
antibodies produced 1n response to infection by SARS-CoV-
2.

Before the present compositions and methods are
described, 1t 1s to be understood that this invention 1s not
limited to particular compositions, methods, and experimen-
tal conditions described, as such compositions, methods, and
conditions may vary. It 1s also to be understood that the
terminology used herein 1s for purposes of describing par-
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ticular embodiments only, and 1s not intended to be limiting,
since the scope of the present mnvention will be limited only
in the appended claims.

As used 1n this specification and the appended claims, the
singular forms “a”, “an”, and “the” include plural references
unless the context clearly dictates otherwise. Thus, for
example, references to “the method” includes one or more
methods, and/or steps of the type described herein, which
will become apparent to those persons skilled 1n the art upon
reading this disclosure and so forth.

All publications, patents, and patent applications men-
tioned 1n this specification are herein incorporated by ref-
erence to the same extent as 11 each individual publication,
patent, or patent application was specifically and individu-
ally indicated to be incorporated by reference.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and matenals
similar or equivalent to those described herein can be used
in the practice or testing of the invention, 1t will be under-
stood that modifications and variations are encompassed
within the spirit and scope of the mstant disclosure. The
preferred methods and materials are now described.

The present invention enables the 1n vitro diagnosis of
COVID-19 via a multiplex immune assay (MIA) that detects
antibodies produced against SARS-CoV-2 infection (e.g.,
IgG and IgM). Theretfore, COVID-19 1s diagnosed at a very
carly-stage starting from about 3 days from the onset of
infection when nucleocapsid protein (NP) 1s shed 1n patients.
The peak levels of NP have been observed in humans at
about 10 days aiter onset of infection, which continuously
decreases 1n the patients and becomes undetectable. The
seroconversion of antibodies (IgG, IgM and IgA) against
SARS-CoV-2 has been shown to occur between about 16-23

days from the onset of infection.

In one embodiment, the present mvention provides, a
substrate with at least two capture elements specific for
SARS-CoV-2 on the substrate, each capture element corre-
sponding to and being able to bind a target analyte, the

substrate further optionally with a plurality of control ele-
ments comprising at least one fiduciary marker, at least one
negative control to monitor background signal, at least one
negative control to monitor assay specificity, at least one
positive colorimetric control, at least one positive control to
monitor assay performance and any combination thereof. In
one aspect, the capture elements bind target analytes,
wherein the target analytes are indicative of COVID-19. In
another aspect, the target analyte 1s a SARS-CoV-2 antibody,
fragment or binding domain thereof. In an additional aspect,
the capture element 1s a protein, a protein fragment, a
binding protein (BP), a binding protein fragment, an antigen,
an antigenic determinant, a virus protein, or any combina-
tion thereof. In one aspect, the capture element 1s a virus
structural protein or epitope thereol. In an additional aspect,
the virus structural protein or epitope thereofl 1s selected
from a SARS-CoV-2 Membrane protein (MP), Nucleo-
capsid protein (NP), Spike protein (SP), or any combination
thereol. In a further aspect, the virus structural protein or
epitope thereof 1s a Nucleocapsid protein or Nucleocapsid
protein fragment. In one aspect, the substrate 1s a solid or a
porous substrate. In an additional aspect, the solid substrate
1s a paramagnetic bead, microtiter plate, microparticle, or a
magnetic bead. In another aspect, the porous substrate 1s a
membrane.
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As used herein, the term “‘substrate” i1s any surface that
supports an immunoassay. The substrate of the mmvention
may be a solid substrate or a porous substrate, for example.

In certain aspects, the substrate 1s a solid substrate.
Examples of solid substrates include, but are not limited to,
96 well microtiter plate, glass, microbeads, nano/micro-
particles and magnetic beads. In one aspect, a 96 well
microtiter plate 1s polystyrene, PDMS, PMMA, polycarbon-
ate, cyclic polyolefins, Zeonor, Zeonex, or cellulose acetate.
In various aspects, the solid substrate maybe glass beads,
nano-/microparticles, magnetic beads or paramagnetic
beads.

In some aspects, the porous substrate 1s a membrane. The
term “porous membrane” refers to a membrane with protein
binding characteristics and a narrow pore-size distribution
(e.g. microporous). In one embodiment, the porosity of the
membrane may determine the exposure time of reagents
with membrane bound components by controlling the flow
rate through the membrane. Microporous membranes for use
in the present invention include by way of example, nitro-
cellulose, nylon, polyvinylidene difluoride, polyester, poly-
styrene, polyethersulione, cellulose acetate, mixed cellulose
esters and polycarbonate. For example, PictArray™ (U.S.
Pat. No. 9,625,453)

The choice of membrane 1s typically dependent on three
main membrane characteristics: protein-binding capacity,
porosity, and strength. The ability of the membrane to
immobilize macromolecules, 1n particular proteins, 1s 1mpor-
tant as the membrane serves as the solid phase used 1n the
assay. However, this ability must be balanced with the
availability of appropriate reagents (for example, blockers)
for blocking non-specific interactions on the membrane.
Similarly, i a flow-through configuration, the porosity of
the membrane may determine the exposure time of reagents
with membrane bound components by controlling their flow
rate through the membrane. However, porosity must be
balanced with the degree of array spot spreading during
array manufacture, which can result in decreased signal
intensity or cross contamination between adjacent spots. The
strength of the membrane 1s important for the manufacture
and eventual use of a device. A wide range of membranes are
available with differing characteristics, allowing a particular
membrane to be chosen depending on the requirements of an
assay.

In preferred embodiments, microporous membranes for
use 1n the present invention comprise nitrocellulose, nylon,
polyvinylidene difluoride, polyester, polystyrene, polyether-
sulfone, cellulose acetate, mixed cellulose esters and poly-
carbonate.

While some membranes such as cellulose acetate may
have insuflicient binding capacities for diagnostic immuno-
assays, the characteristics of such membranes may be appli-
cable for assays where lower levels of accuracy or sensitiv-
ity are suflicient.

The microporous membrane 1s removably attachable to a
bottomless microtiter plate for example. Accordingly, the
membrane can be divided into individual microtiter wells
that are separated from each other by a physical barrier, to
prevent sample mixing between wells. Moreover, diflerent
assays can be conducted 1n separate wells, requiring smaller
volumes of assay reagents.

The assay elements (control and capture elements) are
placed on the substrate surface, with or without an adapter
molecule between the membrane and the element. Prefer-
ably, the assay elements bind to the substrate by covalent or
non-covalent interaction. One of skill 1n the art will recog-
nize that methods of placing assay elements on the substrate
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include printing, spotting or other techniques known 1n the
art. For purposes of the present application, the term “print-
ing” can be used to include any of the methods for placing
the assay elements on a membrane.

The terms “array” or “microarray” as used herein refer to
a collection of multiple assay elements on a substrate.
Specifically, an array 1s a collection of capture elements
and/or control elements on a substrate.

In various aspects, the elements on the array are placed on
the substrate 1n discrete areas of between 100 um to 500 um
in diameter. More preferably, the discrete areas are between
350 um to 400 um 1n diameter. In certain aspects, the
discrete areas of the array are placed 1 a 5x5 grid. In one
aspect, the array comprises up to nine control elements and
two replicates of each of eight different capture elements. In
one aspect, the capture elements are printed 1n two or more
replicates of four different capture elements and multiples
thereol.

As used herein, the term “assay element” refers to any of
a number of different elements for use 1 an array of the
invention. Exemplary assay elements include, but are not
limited to, capture elements and control elements.

The term “capture element” refers to a molecule that 1s
able to bind to a target analyte. Examples of usetul capture
clements include proteins, protein fragments, polypeptides,
polypeptide fragments, binding proteins, binding protein
fragments, antibodies (polyclonal, monoclonal, or chime-
ric), antibody fragments, antibody heavy chains, antibody
light chains, single chain antibodies, single-domain antibod-
ies (a VHH for example), Fab antibody fragments, Fc
antibody fragments, Fv antibody fragments, F(ab')2 anti-
body fragments, Fab' antibody fragments, single-chain Fv
(sckFv) antibody fragments, antibody binding domains, anti-
gens, antigenic determinants, epitopes, haptens, immuno-
gens, immunogen fragments, binding domains, a metal 1on,
a metal 1on-coated molecule, biotin, avidins, streptavidins;
substrates, enzymes, abzymes, co-factors, receptors, recep-
tor fragments, receptor subunits, receptor subunit fragments,
ligands, inhibitors, hormones, binding sites, lectins, polyhis-
tidines, coupling domains, oligonucleotides, and a virus
protein. Usetul capture elements will correspond to and be
able to bind a specific target analyte, such as a molecule or
class of molecules that are present in a sample to be tested.

In one embodiment, the capture element 1s selected from
a protein, a protein fragment, a binding protein, a binding
protein fragment, an antibody, an antibody fragment, an
antibody heavy chain, an antibody light chain, a single chain
antibody, a single-domain antibody (a VHH for example), a
Fab antibody fragment, an Fc antibody fragment, an Fv
antibody fragment, a F(ab')2 antibody fragment, a Fab'
antibody fragment, a single-chain Fv (sckFv) antibody frag-
ment, an antibody binding domain, an antigen, an antigenic
determinant, an epitope, a hapten, an immunogen, an imimu-
nogen Ifragment, a binding domain; metal 1on, or metal
ion-coated molecule, biotin, avidin, streptavidin; a substrate,
an enzyme, an abzyme, a co-factor, a receptor, a receptor
fragment, a receptor subunit, a receptor subunit fragment, a
ligand, an inhibitor, a hormone, a binding site, a lectin, a
polyhistidine, a coupling domain, an oligonucleotide, a viral
protein or a combination of any two or more thereof.

Specifically, the capture element can be a SARS-CoV-2
viral structural protemn. SARS-CoV-2 structural proteins
include nucleocapsid protein (NP), membrane protein (MP),
spike protein (SP), or epitopes thereof. The capture element
may be NP/MP/SP or a fragment of NP/MP/SP.

As used herein, the terms “biomarker” refers to any
substance used as an indicator of a biologic state. Thus, a
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biomarker can be any substance whose detection indicates a
particular disease state (for example, the presence of an
antibody may 1indicate an infection). Furthermore, a bio-
marker can be indicative of a change 1n expression or state
ol a protein that correlates with the risk or progression of a
disease, or with the susceptibility of the disease to a given
treatment. Once a proposed biomarker has been validated, 1t
can be used to diagnose disease risk, presence of disease 1n
an individual, or to tailor treatments for the disease 1n an
individual (e.g., choices of drug treatment or administration
regimes). In evaluating potential drug therapies, a biomarker
may be used as a surrogate for a natural endpoint such as
survival or irreversible morbidity. If a treatment alters the
biomarker, which has a direct connection to improved
health, the biomarker serves as a “surrogate endpoint” for
evaluating clinical benefit. In one aspect, the target analyte
1s a biomarker.

In one embodiment, the target analyte 1s selected from a
protein, a protein fragment, a peptide, a polypeptide, a
polypeptide fragment, an antibody, an antibody fragment, an
antibody binding domain, an antigen, an antigen fragment,
an antigenic determinant, an epitope, a hapten, an immuno-
gen, an immunogen fragment, a virus protein, a virus coat
protein, a virus, a virus protein or epitope thereof or any
combination of any two or more thereof.

In one aspect, the target analyte 1s a SARS-CoV-2 anti-
body, antibody fragment or binding domain thereof.

Capture elements specific for a target analyte are used to
detect the presence or absence of the analyte 1n a sample. A
wide range of complementary binding or coupling partners
are known, with the choice of capture elements determined
by the analytes to be detected, the requirement for adapter
molecules and the level of specificity required for the assay.
In various aspects, the capture elements are specific for
binding/detecting IgG or IgM antibodies produced by a
SARS-CoV-2 infection.

The term “control element” refers to an element that 1s
used to provide mformation on the function of the assay, for
example binding specificity, the level of non-specific back-
ground binding, the degree of binding cross-reactivity, and
the performance of assay reagents and the detection system.
Preferred controls useful herein include at least one negative
control to monitor background signal, at least one negative
control to monitor assay specificity, at least one positive
colorimetric control, and at least one positive control to
monitor assay performance.

The substrate of the invention comprises at least one
fiduciary marker that will always be detectable on the
substrate, preferably detectable irrespective of the perfor-
mance of the assay or processing of the substrate.

The term “fiduciary marker” refers to a colored marker or
label that will always be detectable on the substrate, pret-
erably 1rrespective of the performance of the assay or
processing of the substrate. The use of at least one fiduciary
marker will obviate the necessity of this element being
detected based on successiul array processing, 1n compari-
son to the positive colorimetric controls. The fiduciary
marker 1s therefore a “true” positive control that would
always be detectable regardless of array processing, and can
be used to orient and help to grid the array.

In preferred aspects, the fiduciary marker 1s a dye, dye-
conjugated protein or a chromogenic protein such as hemo-
globin.

The term “‘negative control” refers to an element com-
prising print bufler or an unrelated protein to which no
complementary binding partner 1s imntended to be present 1n
the assay. Any detectable signal from the negative control
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can be used to determine the background threshold of the
assay and the accuracy of any positive results. In one aspect,
the negative control to monitor background signal 1s print
builer. The print bufler 1s a solution used to carry and print
the capture elements and control elements onto the substrate
and may comprise bullered saline, glycerol and a surfactant,
preferably a polysorbate surfactant such as Tween 20. The
blocking solution 1s used to reduce non-specific protein
binding to the substrate surface and preferably comprises
skim milk, casein, bovine serum albumin, gelatins from {ish,
pigs or other species, dextran or any mixture of any two or
more thereol, preferably 1n a solution of phosphate buflered
saline and a surfactant such as Tween 20.

The term “control capture element” refers to a capture
clement that functions as a control, either a negative control
that should not bind any analyte or a positive control that
will bind a non-target analyte.

The substrate of the invention also comprises at least one
control to monitor assay performance. The control 1is
intended to provide information of the efliciency of the
complementary binding interactions or the quality or per-
formance of the reagents used.

The term “control to monitor assay performance” refers to
an element that forms one part of a complementary binding
interaction during an assay and 1s intended to provide
information on the accuracy of the assay result. In one
embodiment, the positive control to monitor assay pertor-
mance comprises one binding partner of a complementary
binding pair, where the other binding partner 1s a sample
component or an assay reagent. The assay performance
control 1s preferably selected from a target analyte, a binding
partner corresponding to and able to bind a non-target
analyte that will be present 1n the sample, a binding partner
corresponding to and able to bind an assay reagent, and a
colorimetric enzyme label, or any combination of any two or
more thereof. An example of a binding partner correspond-
ing to and able to bind a non-target analyte that will be
present 1n the sample 1s an anti-Ig antibody that will bind an
immunoglobulin present 1n a serum sample, therefore con-
firming a sample has been added. An example of a binding
partner corresponding to and able to bind an assay reagent
1s an anti-Ig antibody that will bind a secondary 1immuno-
globulin that 1s used to process the assay, such as bioti-
nylated anti-target analyte antibody. Another example of a
binding partner corresponding to and able to bind an assay
reagent 1s a biotinylated antibody that will bind a strepta-
vidin-peroxidase conjugate that 1s used to process the assay.

In one aspect, the assay performance control comprises
one binding partner of a complementary binding patr,
wherein the other binding partner 1s an assay reagent. The
assay performance control 1s preferably selected from the
list comprising the target analyte, a non-specific binding
partner or a colorimetric enzyme label.

In another aspect, the complementary binding partners
comprise antibody-antigen interactions or antibody-ligand
interactions.

The substrate of the invention also comprises at least one
control to monitor assay specificity. The control 1s intended
to provide information of the specificity of binding between
the capture element and the target analyte, or between the
binding partners of the assay detection steps.

The term “control to monitor assay specificity” refers to
an element that 1s closely related to at least one binding
partner ol a complementary binding pair present in the assay
and 1s 1ntended to provide imnformation of the specificity of
the complementary binding. This control 1s a negative
control that 1s not expected to generate a detectable result
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during normal assay processing. For example, 1n an antigen
array for antibody detection, the assay specificity control
would comprise an antigen that should not bind any anti-
body 1n the sample.

In one aspect, the assay specificity control comprises one
or more antibody isotypes, a corresponding antibody or
antibody 1sotype from a different animal species or a closely
related ligand. For example, 1n human antibody arrays,
human IgM and anti-human IgM can be used as controls to
monitor assay specificity.

The term “positive colorimetric control” as used herein
refers to an enzyme or enzyme conjugate that provides a
detectable signal upon addition of the enzyme substrate.

In one embodiment, the positive colorimetric control 1s an
enzyme label conjugate capable of reacting with a colori-
metric substrate, comprising an enzyme selected from the
list comprising horseradish peroxidase, alkaline phos-
phatases, p-D-galactosidase or glucose oxidase.

The identity of the assay controls will be dependent on the
type of array, the identity of the target analyte, and the type
of sample to be analyzed.

For example, either anti-human IgG-HRP or anti-mouse
IgG-HRP may be used 1n arrays printed with antigens and
antibodies, respectively. The final detection antibody 1n
antigen arrays will often be anti-human IgG-HRP, while for
antibody arrays 1t will often be a biotinylated mouse IgG.
These controls can provide a positive control 1n addition to
providing information on the performance or quality of the

HRP substrate.

Mouse Ig(G, human IgG and anti-human IgG present on
antigen or antibody arrays can act either as positive or
negative controls depending on the array format, in addition
to providing information of assay specificity. For example,
mouse IgG should provide the positive signal 1n antibody
arrays, while the latter two should provide a positive signal
in antigen arrays. These controls can also serve as controls
for overall assay performance.

The terms “sample” and “specimen” as used herein are
used 1n their broadest sense to include any composition that
1s obtained and/or derived from biological or environmental

source, as well as sampling devices (e.g., swabs) which are
brought into contact with biological or environmental
samples. “Biological samples™ include body fluids such as
urine, blood, plasma, fecal matter, cerebrospinal fluid (CSF),
and saliva. In one embodiment, the biological sample 1s a
cell, tissue, and or fluid obtained from a mammal, including
from the upper respiratory tissues (such as nasopharyngeal
wash, nasopharyngeal aspirate, nasopharyngeal swab, and
oropharyngeal swab), from the lower respiratory tissues
(such as bronchiolar lavage, tracheal aspirate, pleural tap,
sputum), blood, plasma, serum, and stool. These examples
are 1llustrative, and are not to be construed as limiting the
sample types applicable to the present invention.

In various aspects of the present invention, the sample 1s
a blood sample, including a plasma or serum sample.

The assay techniques used in conjunction with the sub-
strates of the present invention include any of a number of
well-known colormetric enzyme-linked assays. Examples
of such systems are well known in the art. The assay
techniques are based upon the formation of a complex
between a complementary binding pair, followed by detec-
tion with a colorimetric detection system comprising an
enzyme-conjugate label and a colorimetric substrate. The
detection system will be described with reference to
enzyme-linked immunosorbent assays (ELISA), though a
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skilled person would appreciate that such techniques are not
restricted to the use of antibodies but are equally applicable
to any colorimetric assay.

In one embodiment, the ELISA 1s 1n the “sandwich’™ assay
format. In this format, the target analyte to be measured 1s
bound between two antibodies—the capture antibody and
the detection antibody. In another embodiment, the ELISA
1s a non-competitive assay, 1n which an antibody binds to the
capture antigen and the amount of bound antibody 1s deter-
mined by a secondary detection antibody.

Either monoclonal or polyclonal antibodies may be used
as the capture and detection antibodies 1n sandwich ELISA
systems. Monoclonal antibodies have an inherent mono-
specificity toward a single epitope that allows fine detection
and quantitation of small differences 1n antigen. A polyclonal
antibody can also be used as the capture antibody to bind as
much of the antigen as possible, followed by the use of a
monoclonal antibody as the detecting antibody 1n the sand-
wich assay to provide improved specificity. A monoclonal
antibody can also be used as the capture antibody to provide
specific analyte capture, followed by the use of a polyclonal
antibody as the detecting antibody in the sandwich assay.
Additionally, both the capture and the detection antibodies
could be monoclonal.

The term “antibody” as used herein includes naturally
occurring antibodies as well as non-naturally occurring
antibodies, including, for example, single chain antibodies,
chimeric, bifunctional and humanized antibodies, as well as
antigen-binding fragments thereof. Such non-naturally
occurring antibodies can be constructed using solid phase
peptide synthesis, can be produced recombinantly or can be
obtained, for example, by screening combinatorial libraries
consisting of variable heavy chains and variable light chains
(sce Huse et al., Science 246:1275-1281, 1989, which 1s
incorporated herein by reference). These and other methods
of making, for example, chimeric, humanized, CDR-grafted,

single chain, and bifunctional antibodies are well known
(Winter and Harris, Immunol. Today 14:243-246, 1993;

Ward et al., Nature 341:544-546, 1989; Harlow and Lane,
Antibodies: A laboratory manual (Cold Spring Harbor Labo-

ratory Press, 1999); Hilyard et al., Protein Engineering: A
practical approach (IRL Press 1992); Borrabeck, Antibody

Engineering, 2d ed. (Oxtord University Press 1995); each of

which 1s incorporated herein by reference). In addition,
modified or dertvatized antibodies, or antigen binding frag-
ments ol antibodies, such as pegylated (polyethylene glycol
modified) antibodies, can be usetul for the present methods.
As such, Fab, F(ab")2, Fd and Fv fragments of an antibody
that retain specific binding activity are included within the
definition of an antibody.

The term “secondary antibody™ refers to an antibody that
will bind a target analyte and that 1s conjugated with either
an adaptor molecule such as biotin or an enzyme label such
as horseradish peroxidase (HRP). Antibody-adaptor conju-
gates are processed to give a detectable result by contacting
the antibody-adaptor conjugate with an adaptor-enzyme
conjugate and then the enzyme substrate; for example,
antibody-biotin conjugates will bind streptavidin-HRP con-
jugates. Antibody-enzyme label conjugates include anti-
body-HRP conjugates. Use of secondary antibodies 1s dis-
cussed and exemplified below.

The term “binds specifically” or “specific binding activ-
ity” or the like, means that two molecules form a complex
that 1s relatively stable under physiologic conditions. The
term 1s also applicable where, an antigen-binding domain 1s
specific for a particular epitope, which 1s carried by a
number of antigens, 1n which case the antibody carrying the
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antigen-binding domain will be able to bind to the various
antigens carrying the epitope. Specific binding 1s character-
ized by a high athnity and a low to moderate capacity.
Typically, the binding 1s considered specific when the aflin-
ity constant is about 1x107° M, generally at least about
1x10~7" M, usually at least about 1x107°M, and particularly
at least about 1x10™°M or 1x107'° M or less.

After array manufacture and prior to sample addition, all
available protein-binding sites on the substrate surface are
blocked by addition and incubation with one or a combina-
tion of reagents. These reagents are called “Blockers” and
serve to decrease or at best eliminate non-specific protein
binding from the sample on the substrate surface thereby
decreasing overall background signal. This increases the
ratio of signal to noise, thereby increasing the overall
sensitivity of the assay. Blockers play no active part 1n the
subsequent reactions between the sample and other assay
reagents and the immobilized proteimns on the substrate.
Exemplary blockers include, but are not limited to, bovine
serum albumin, casein, non-fat dry milk, gelatin derived
from fish, pigs and other sources, dextran, serum derived
from sources other than the sample being analyzed such as
from steelhead salmon, guinea pigs, hamsters, rabbit and
other sources, polyethylene glycol, polyvinyl pyrrollidone,
and commercial preparations including HeteroBlock
(Omega Biologicals, Bozeman, Mont.), SuperBlock, Start-
ingBlock, SEA BLOCK (Pierce, Rockiord, Ill.). Typically,
blockers are made up i1n bufler solutions such as, for
example, phosphate bufler, phosphate buflered saline, Tris
bufler, acetate bufler and others. The blockers may also be
supplemented with detergents such as, for example, Tween
20, Tween 80, Nomidet P40, sodium dodecyl sulfate and
others.

An 1mportant consideration in designing an array 1s that
the capture and detection antibodies of each binding pair
must recognize two non-overlapping epitopes so that when
the antigen binds to the capture antibody, the epitope rec-
ognized by the detection antibody must not be obscured or
altered. A large number of complementary binding pairs
have already been developed for ELISA and can be used in
the present mvention.

For multiplexed assays, 1t 1s also important that there 1s no
overlap between each of the binding pairs to eliminate
cross-reactivity. A number of multiplexed ELISAs have
been developed and 1t 1s anticipated other combinations of
binding pairs could be configured through testing.

In one aspect, the enzyme-conjugate label comprising an
enzyme selected from the list comprising horseradish per-
oxidase, alkaline phosphatase, p-D-galactosidase or glucose
oxidase.

In an additional aspect, the enzyme label may be conju-
gated directly to a primary antibody or introduced through a
secondary antibody that recognizes the primary antibody. It
may also be conjugated to a protein such as streptavidin 1
the primary antibody 1s biotin labelled.

In a further aspect, the assay detection system comprises
a detection colorimetric substrate selected from the list
comprising 3,3'.5,5'-tetramethylbenzidine, diaminobenzi-
dine, metal-enhanced diaminobenzidine, 4-chloro-1-naph-
thol, colloidal gold, mitro-blue tetrazolium chlonde,
S-bromo-4-chloro-3'-indolylphosphate p-toluidine salt and
naphthol AS-MX phosphate+Fast Red TR Salt.

In certain aspects, the colorimetric reaction can be
detected and optionally quantified and analyzed using an
image capture device such as a digital camera or a desktop
scanner attached to a computer. Known methods for image
analysis may be used. For example, the concentration values
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of known standard elements can be used to generate stan-
dard curves. Concentration values for unknown analytes can
be analyzed using the standard curve for each analyte to
calculate actual concentrations. Values for each analyte can
be 1dentified based on the spotting position of each capture
clement within the array.

The substrates of the present invention are particularly
amenable to use 1n kits for the detection of target analytes.
Such kits may comprise the substrates together with instruc-
tions and any assay consumables required. Diflerent kits are
envisaged for diflerent target analytes and types of array.
Accordingly, 1n an additional embodiment, the present
invention provides a kit for detecting a plurality of target
analytes 1n a sample, containing a substrate and optionally
one or both of a background reducing reagent, and a
colonmetric detection system. In one aspect, the kit also
contains one or more items from a wash solution, one or
more antibodies for detection of antigens, ligands or anti-
bodies bound to the capture elements or for detection of the
positive controls, software for analyzing captured target
analytes, and a protocol for measuring the presence of target
analytes 1n samples. In an additional aspect, the antibodies
for detection are antibody-binding protein (BP) conjugates,
antibody-enzyme label conjugates, or any combination
thereol. In a further aspect, the sample 1s a blood sample,
e.g., serum or plasma. In one aspect, the substrate 1s a solid
or a porous substrate. In an additional aspect, the solid
substrate 1s a paramagnetic bead, microtiter plate, micropar-
ticle, or a magnetic bead. In certain aspects, the porous
substrate 1s a membrane.

In another aspect, the invention also relates to a method
of processing a substrate of the mvention. Such a method
comprises providing a substrate of the invention as
described above, adding at least one sample to the substrate,
and processing the substrate such that a detectable result 1s
given by two or more of at least one fiduciary marker, at least
one positive colorimetric control, and 111) at least one posi-
tive control to monitor assay performance.

In another aspect, the present invention provides methods
for processing a microarray by providing a substrate, adding
at least one sample to the substrate, and processing the
substrate such that a detectable result 1s given by two or
more of at least one fiduciary marker, at least one positive
colonimetric control, and at least one positive control to
monitor assay performance.

In one aspect, the step of processing the substrate or
microarray comprises a blocking step during which avail-
able protein-binding sites on the substrate or microarray are
blocked with a blocker, an optional wash step, contacting the
substrate or microarray with the sample containing the one
or more analytes to be measured, a wash step to remove
non-bound material from the substrate or microarray, con-
tacting the substrate or microarray with one or more sec-
ondary antibodies that correspond to and will bind one or
more target analytes and non-target analyte that 1s bound to
an assay performance control, a wash step, and contacting
the substrate or microarray with one or both of an enzyme
conjugate or an enzyme substrate to generate a detectable
result.

In one embodiment, the present invention provides meth-
ods for detecting an analyte 1n a sample comprising provid-
ing a substrate, adding at least one sample to the substrate,
and processing the substrate such that a detectable result 1s
provided. In one aspect, the detectable result includes two or
more of at least one fiduciary marker, at least one positive
colorimetric control, and at least one positive control to
detect an analyte in the sample.
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In another aspect, the substrate of the mvention can be
used for the simultaneous detection of at least one target
analyte 1n a sample, and preferably a plurality of different
target analytes 1n a sample, and have utility 1n diagnostic and
screening assays.

Thus, the substrates of the ivention provide the advan-
tage that they can be adapted to high throughput (or ultra

high throughput) analysis and, therefore, any number of
samples (e.g., 96, 1024, 10,000, 100,000, or more) can be

examined 1n parallel, depending on the particular support
used. A particular advantage of adapting the substrates to
high throughput analysis 1s that an automated system can be
used for adding or removing reagents from one or more of
the samples at various times, for adding different reagents to
particular samples, or for subjecting the samples to various
heating cycles.

For example, the automated system may consist of one or
more temperature-controlled chambers and one or more
robotic arms mounted on a deck that has platforms config-
ured to hold 96-well plates. The movement of the robotic
arms and the temperature in the chambers are controlled by
a central computer unit. The array plates are stacked on the
deck of the mstrument. In one embodiment, the plates
containing samples to be analyzed are stacked 1n a chamber
with temperature of 4° C. One robotic arm then sequentially
transfers each individual array plate on one platform while
the other arm sequentially transfers each individual sample
plate on the second platform. A nozzle contaiming 96 dis-
posable tips then aspirates a predetermined volume of
sample from each well of the sample plate and transfers the
sample to the corresponding wells of the array plate. The
array plate containing the sample 1s then transferred to a
chamber with temperature of 37° C. This process 1s repeated
until sample has been added to all the array plates stacked on
the deck. The array plates are incubated for a predetermined
time followed by transfer of each plate to the platform for
addition of wash bufler with the nozzle contaimng 96
disposable tips. The wash bufler 1s aspirated after a prede-
termined time and this wash process 1s repeated multiple
(1.e., two or more) times. Each array plate then receives the
secondary antibody followed by transfer to a chamber with
temperature of 37° C. The array plates are imncubated for a
predetermined time followed by transier of each plate to the
platiorm for addition of wash bufler with the nozzle con-
taining 96 disposable tips. The wash buller 1s aspirated after
a predetermined time and this wash process 1s repeated
multiple (1.e., two or more) times. Fach array plate then
receives the detection reagent followed by incubation for a
predetermined time followed by transier of each plate to the
platform for addition of wash bufler with the nozzle con-
taining 96 disposable tips. The wash buller 1s aspirated after
a predetermined time and the plate transterred to the 37° C.
chamber for drying. The plates are transferred back to the
deck after a predetermined period and manually processed
for analyses of data.

In addition to the convenience of examining multiple test
agents and/or samples at the same time, such high through-
put assays provide a means for examining duplicate, tripli-
cate, or more aliquots of a single sample, thus increasing the
validity of the results obtained, and for examining control
samples under the same conditions as the test samples, thus
providing an iternal standard for comparing results from
different assays.

In a further embodiment, the present invention provides
methods of detecting exposure of a subject to SARS-CoV-2
by contacting a substrate with a biological sample from the
subject, wherein the subject 1s suspected of having COVID-
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19; and detecting the presence of an antibody that binds to
SARS-CoV-2. In one aspect, the detection method 1s auto-
mated, manual, lateral flow, solid-phase, chemilumines-
cence, microfluidics, lab-on-a-chip based immunoassay,
ELISA, or a combination thereof. In an additional aspect, the
antibody 1s IgG and/or IgM. In a further aspect, the sample
1s a blood sample, for example serum or plasma.

The present invention provides methods of 1n vitro diag-
nostic applications for the detection of antibodies produced
in response to SARS-CoV-2 infection such as manual mul-
tiplex 1mmune assay, automated multiplex 1mmune assay
(MIA), manual singleplex ELISA (solid phase), automated
chemiluminescent 1mmune assay (CLIA), wash-iree
immune assays (manual and automated), automated cen-
trifugal microfluidics-based immunoassay, lab-on-a-chip
based i1mmunoassay, paramagnetic bead-based manual
ELISA, manual paper-based ELISA, Point-of-care (POC)
immunoassays and other immunoassay formats. In one
aspect, detection 1s by colorimetric 1maging (e.g., PictAr-
ray™, U.S. Pat. No. 9,625,433), absorbance (e.g., manual
ELISA), chemiluminescence (e.g., automated CLIA,
CRET), florescence (e.g., manual immunoassays, ELISA,
FRET) and by the naked eye (e.g., lateral tlow immunoas-
says).

The COVID-19 MIA can be used for the clinical diagno-
s1s of SARS-CoV-2 infected persons using diflerent immu-
noassay formats. For example, the COVID-19 MIA can be
performed using a membrane (e.g., PictArray™, U.S. Pat.
No. 9,625,453) or on the solid surface of 96-well microtiter
plate (MTP). The antibodies (IgG and IgM) 1n the SARS-
CoV-2 mfected individuals can be detected via an indirect

immunoassay, where multiple recombinant structural pro-
teins of SARS-CoV-2, e.g., NP, SP and/or MP, will be coated

on the membrane or the solid surtace of MTP. The COVID-
19 MIA can be automated using an analyzer that automates
all the steps 1n the manual MIA and uses a colorimetric
reader and 1mage analysis software (e.g., Pictlmager™ and
Pictorial). The COVID-19 MIA can be performed as a lateral
flow immunoassay (LFIA) or a manual singleplex ELISA
assay.

Further, the COVID-19 MIA can be performed using
chemiluminescent immunoassays (CLIAs), both multiplex
as well as singleplex. The multiple structural proteins of
SARS-CoV-2 can be bound covalently to paramagnetic
beads (micron-sub-micron size) and used for the detection of
IgG and IgM antibodies against SARS-CoV-2 via indirect
immunoassay. The detection signal 1s generated by conju-
gating the detection antibody with acridintum or other
chemiluminescent labels and generating a chemiluminescent
signal.

The COVID-19 MIA can be performed by manual and
automated wash-iree assays for the detection of IgG and
IgM.

The COVID-19 MIA can also be performed as a wash-
free electrochemiluminescent ELISA. The analytes 1n
sample can be detected using biomolecule-coated (antigen-
coated) carbon electrode surface-based microwell plates and
SULFO-TAG-labelled detection Ab that emits light upon
clectrochemical stimulation.

Further, the COVID-19 MIA can be performed by cen-
trifugal microfluidics-based automated immunoassay. The
multiple structural proteins of SARS-CoV-2 can be cova-
lently bound to paramagnetic beads and used for the detec-
tion of IgG and IgM antibodies generated in the subjects in
response to SARS-CoV-2 infection. The detection of analyte
occurs 1n a reaction chamber, followed by washing the
specific immune complexes formed on paramagnetic beads
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and transier of the paramagnetic beads to the detection
chamber for the generation and reading of assay signal,
which can be chemiluminescence, absorbance or fluores-

CCICC.

The COVID-19 MIA can also be performed as a lab-on-

a-chip (LOC) assay. Paramagnetic beads or solid surfaces
can be used for the covalent attachment of multiplex struc-
tural proteins of SARS-CoV-2. The detection signal could be
chemiluminescent, fluorescent, absorbance, electrochemical

or colorimetric
Additionally, the COVID-19 MIA can be performed using

manual singleplex ELISA. Paramagnetic beads can be
bound covalently to multiplex structural proteins of SARS-
CoV-2 to detect antibodies raised against SARS-CoV-2.
Further, the COVID-19 MIA can be a poit of care (POC)
immunoassay. The POC immunoassay can be label-free
using a disposable strip, where the antibodies are detected
using electrochemical reader or a smartphone-based reader.
In additional to the assay formats mentioned above, the
COVID-19 MIA can be performed using wash-iree immu-
noassay based on fluorescence resonance energy transier
(FRET) or chemiluminescence resonance energy transier
(CRET); signal-enhanced immunoassay based on the use of
nanoparticle-based signal detection step or the use of micro-
and submicro-beads for binding capture antibodies/antigens;
and rapid multiplex immunoassays based on Lab-in-a-tube
technology or vertical microfluidics.
The following examples are provided to further illustrate
the embodiments of the present imvention, but are not
intended to limit the scope of the mnvention. While they are
typical of those that might be used, other procedures,
methodologies, or techniques known to those skilled in the

art may alternatively be used

EXAMPLES

Example 1

COVID-19 MIA

The COVID-19 MIA format involves the detection of IgG
and/or IgM antibodies (Ab) generated in humans after
exposure to the SARS-CoV-2 virus.

The format will spot the SARS-CoV-2 structural proteins
(e.g., Nucleocapsid protein (NP), spike protein (SP) and
membrane protein (MP)) onto either membrane (e.g., nitro-
cellulose, nylon; such as PictArray™, U.S. Pat. No. 9,625,
453) or membrane-iree (e.g., polystyrene microtiter plate)
assay surfaces. The capture antigens (Ag) and Ab as well as
the detection Ab, used for the development of the COVID-
19 MIA have already been 1dentified, as shown in Table

TABLE 1

Assay materials 1dentified to be screened for
use for the COVID-19 MIA
Table of assay materials used

Vendor Cat# Product Name

1. Nucleocapsid Protein antigen

Bin Bench uCoV-P003/ Nucleocapsid Protein,
XGO01 Fragment (N - protein)

2. Spike Protein antigen

The Native
Antigen Campany

REC31806  SARS-CoV-2 Spike Glycoprotein
(S1), Sheep Fc-Tag (HEK293)

3. Anti-Human detection antibody

Immunobioscience SA-9001-12 Goat anti-Human IgG-HRP
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The generalized assay format for the COVID-19 MIA 1s
summarised i FIG. 1. The IgG and/or IgM antibodies
against SARS-CoV-2 would be detected by indirect IA (FIG.
1A) (FIG. 1B). The SARS-CoV-2 structural proteins (NP, SP
and MP) will be printed as spots onto the assay surface using
a microarray printer in a single well. Additionally, NP, SP
and MP can either be printed as separate discrete spots or a
mixture of all three viral structural proteins printed as a
single spot.

The COVID-19 kit will involve the printing of SARS-
CoV-2 structural proteins on the assay surface (FIG. 2A)
tollowed by the blocking of each well with an appropriate
blocking solution to obviate any non-specific binding (FIG.
2B). The developed printed array will be supplied to the
end-users along with the assay components for the detection
Ab against SARS-CoV-2. Internal positive and negative
controls will also be supplied which can be tested alongside
patient samples to ensure optimal assay performance. Immu-
noassay (1A) procedures for the detection of Ab will mvolve
the addition of diluted patient serum to the well(s) and

incubating at 37° C. for tens of minutes so that specific
immune complexes are formed between the Ag and Ab, e.g.,
binding of IgG/IgM to SARS-CoV-2 structural proteins
(FIG. 2C). The excess and non-specifically bound analytes
are then taken away by washing the wells with wash bufler.
Subsequently, HRP-labelled detection Ab, e.g., anti-human
IgG/IgM HRP and anti-NP HRP are added to the wells and
incubated at 37° C. for tens of minutes (FIG. 2D). It results
in the formation of biomolecular i1mmune complexes
between detection Ab and COVID-19 analytes. This 1s
followed by second washing step with wash buller that
removes the excess and non-specifically bound analytes
from the wells. Finally, HRP substrate 1s added to the wells
and incubated for some minutes at room temperature. It
leads to the formation of colorimetric array spots via the
precipitation of the colorimetric product produced after the
enzyme substrate reaction 1f the target analytes are present
in the patient serum (FIG. 2E). This 1s followed by third
washing step with wash bufler. In case of membrane-based
IA, 3,3'-Diaminobenzidine (DAB) will be used as the HRP
substrate and after incubation, the wells will be washed with
wash buil

er and then dried at 37° C. before analysis. But for
membrane-iree 1A, a precipitating 3,3",5,5" - Tetramethylben-
zidine (TMB) solution will be used as the HRP substrate and
alter incubation, the wells will be washed once prior to
analysis.

The COVID-19 MI

A results in the formation of colori-
metric spots, the intensity of which 1s directly proportional
to the concentration of Ab (IgG and/or IgM) present in the
patient sample. Depending on the assay surface used, the
colorimetric arrays are imaged by using indigenously devel-
oped handheld or portable benchtop colorimetric reader
device. It can also be read by the commercial colorimetric
readers, such as those available from Scienion AG, Ger-
many.

Imaging software analyses the images from the multiplex
colonmetric readers to detect the microarray spots from each
well and generates the results as output. The software first
identifies the wells and then detects the positive control
spots within each well that appears after the MIA. The
positive control spots act as alignment anchors, which are
used by the software to place a microarray grid for all spots
within each well. The software algorithm then analyses the
colorimetric 1mage of the array and extracts the pixel
intensity for each spot. The data generated from each spot 1s
then collated with the layout of array and patient samples to
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provide a final test report for the samples being analysed. An
example of such imaging software 1s Pictorial©

Example 2

COVID-19 MIA-Membrane-Based, Single Well

The COVID-19 MIA-Membrane-based, Single well for-

mat utilises the 16-well array slide contaiming membrane
disks aflixed to the bottom of each well as the assay surface.
SARS-CoV-2 structural proteins (NP, SP and MP) are all
immobilised in duplicate as separate spots in each well.

The patient samples are diluted and added to the array
slide and 1ncubated at 37° C. then washed with wash bufler.
HRP labelled anti-Human IgG and/or IgM detection Ab 1s
then added to all wells of the array slide. The wells are
incubated at 37° C. and then washed followed by the
addition of DAB substrate. After a short incubation, the
wells are washed once and then dried at 37° C. prior to
analysis.

Example 3

COVID-19 MIA-Membrane-Based, Single Well,
Using Grouped SARS-CoV-2 Structural Proteins

The COVID-19 MIA-Membrane-based, Single well,
using grouped SARS-CoV-2 structural proteins format uti-
lises the 16-well array slide containing membrane disks
alhixed to the bottom of each well as the assay surface. A

mixture of SARS-CoV-2 structural proteins (NP, SP and
MP) are all immobilised 1n duplicate spots in each well.

The patient samples are diluted and added to the array
slide, incubated at 37° C., and then washed with wash buller.
HRP labelled anti- Human IgG and/or IgM detection Ab 1s
then added to all wells of the array slide. The wells are
incubated at 37° C. and then washed followed by the
addition of DAB substrate. After a short incubation, the
wells are washed once and then dried at 37° C. prior to
analysis.

Example 4

COVID-19 MIA-Membrane-Free, Single Well

The COVID-19 MIA (Membrane-iree, Single well) for-
mat utilises the 96-well microtiter plate as the assay surface.
For each well 1n the 96-well plate, SARS-CoV-2 structural
proteins (NP, SP and MP) are immobilised in duplicate as
separate spots.

The patient samples are diluted and added to the 96-well
plate, incubated at 37° C., and then washed with wash butler.
HRP labelled anti- Human IgG and/or IgM detection Ab 1s
then added to all wells. The wells are incubated at 37° C. and
then washed followed by the addition of TMB substrate.
After a short incubation, the wells are washed once and then

analysed.

Example 5

COVID-19 MIA-Membrane Free, Single Well,
Using Grouped SARS-CoV-2 Structural Proteins

The COVID-19 MIA (Membrane-iree, Single well, using
grouped SARS-CoV-2 structural proteins) format utilises the
96-well microtiter plate as the assay surface. For each well
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in the 96-well plate, a mixture of SARS-CoV-2 structural
proteins (NP, SP and MP) are immobilised 1n duplicate.
The patient samples are diluted and added to the 96-well
plate, incubated at 37° C., and then washed with wash butler.
A mixture of HRP labelled ant1-NP detection Ab and HRP
labelled anti-Human IgG and/or IgM detection Ab 1s added
to all wells. The wells are incubated at 37° C. and then
washed followed by the addition of TMB substrate. After a

short incubation, the wells are washed once and then ana-
lysed.

Example 6

Automated COVID-19 MIA-Membrane Free,

96-Well MTP

The automated MIA will be performed 1nside an analyzer,
where all the steps 1n the manual MIA will be automated.
The dispensing and aspiration of reagents 1s done by a
needle attached to the robotic arm. The assay components
will be provided 1n the form of ready-to-use assay cartridges
that are simply plugged 1nside the analyzer and can perform
up to 100 MIA tests. The washing of the MTP wells will be
done by the robotic needle using specific washing programs.
Similarly, the needle will be washed after each dispensing
step. However, disposable tips could also be used, which
would obviate the cleaning of the needle after each dispens-
ing step. All the steps of the IA will be optimized for the
automated MIA. The readout of the colorimetric array spots
in the processed 96-well MTP will be performed using an
integrated colorimetric reader and an 1mage analysis soit-
ware. The analyzer would have a dedicated compartment for
putting the patient sample vials, and dedicated spaces for
putting the wash buil

er, TMB substrate and other buflers.
The analyzer would need to undergo daily, weekly and
monthly maintenance.

Example 7

Automated Chemiluminescent Immunoassay

(CLIA)
The assay formats used for development of MIA could be
turther employed for the development of automated CLIAs,
both multiplex as well as singleplex, for the diagnosis of
SARS-CoV-2 infection. The multiple structural proteins of
SARS-CoV-2 could be bound covalently to paramagnetic
beads (micron-sub-micron size) and used for the detection of
IgG and IgM antibodies against SARS-CoV-2 via indirect
immunoassay. The magnetic beads could be provided with a
mixture of multiple structural proteins or various formula-
tions of magnetic beads could be coated with each of the
structural proteins and then mixed together for the assays. It
could be a total IgG+IgM antibody test or IgG and IgM
could be detected separately. The detection signal in case of
automated CLIAs could be generated by conjugating the
detection antibody with acridinium or other chemilumines-
cent labels and providing the appropriate trigger solutions
for the generation of chemiluminescent signal. All the auto-
mated CLIAs are performed using a high-throughput ana-
lyzer. The assay reagents are stored in the form of assay
cartridges that can used for up to 100 tests. The buflers, wash
solution and trigger solutions are stored at the respective
places 1n the analyzer. The patient sample vials are placed
inside the analyzer at a dedicated place while the assay/
reaction vials are provided automatically as consumable for

each CLIA test.
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Example 8

COVID-19 ELISA

Manual ELISA can be developed for the detection of IgM
and IgG using the developed MIA procedure with customi-

zation of some steps for ELISA. The 96-well M'TP would be

coated with a mixture of NP, SP and/or MP either passively
or using a leach-proof biomolecular immobilization proce-
dure based on silane chemistry (Vashist et al., Sc1 Rep,
4:4407, 2014, DOI: 10.1038/srep04407). All the 1mmuno-
assay steps for the detection of IgG and IgM ELISAs would
then be performed exactly as specified 1n the MIA except the
last step. In case of ELISA, the signal would be generated by
enzyme-substrate reaction by providing TMB and H,O, to
the HRP-labeled detection Ab. The enzyme-substrate reac-
tion 1s stopped by providing a stop solution comprising of
IN H,SO,. The optical density of the colorimetric solution

1s then read at 450 nm with reference at 650 nm. The
detection of IgG and IgM 1s done by indirect assay

Materials. Reagents for the detection of IgG: SARS-
CoV-2 NP, SARS-CoV-2 SP and, goat anti-human IgG-HRP.
NP; and HRP labeled rabbit/mouse anti-SARS CoV Ab
(detection Ab).

Reagent set up: PBS: Add a BupH phosphate butlered
saline pack to 100 mL of autoclaved DIW, dissolve well and
make the volume up to 500 mL using autoclaved DIW. Each
pack makes 500 mL of PBS at pH 7.2, which can be stored
at room temperature (RT) for a week and at 4° C. for up to
four weeks. APTES: The procured APTES solution has a
purity ol 99%. Reconstitute 1n autoclaved DIW to make 1%

(v/iv) APTES just before mixing with capture anti-HFA Ab.

Example 9

COVID-19 IgG/IgM ELISA

Mix COVID-19 structural antigens solution (mixture of
NP, SP and/or MP) with 0.5-2% (v/v) APTES 1n the ratio of
1:1 (v/v). Incubate each of the desired wells of a 96-well
MTP with 100 uL of the freshly prepared anti-NP capture Ab
solution for 30 min at RT. Wash five times with 300 uL of
0.1M PBS, pH 7.4. Washing can also be performed with an
automatic plate washer. (Passive Ab immobilization, by
incubating with the Ab overnight at 4° C., could also done).
Block the COVID-19 Ag-bound wells with 300 uL of 1-5%
(w/v) BSA for 30 min at 37° C. followed by extensive PBS
washing (as mentioned previously). Add 100 uL of varying
human IgG/IgM concentrations or the patient serum/plasma
sample (dilution to be determined after optimization) to
different BSA-blocked wells. Incubate for 1 h at 37° C. and
wash extensively with PBS (as stated previously). Add 100
ul, of HRP-labeled anti-human IgG/IgM detection Ab (200
ng mL.™") in each of the NP-captured wells. Incubate for 1
h at 37° C. and wash extensively with PBS. Add 100 of

TMB-H,O, mixture to each of these wells and incubate at
RT to develop color for 15 min. Stop the enzyme-substrate
reaction by adding 50 ulL of 1 N H,SO, to each well.
Determine the absorbance at a primary wavelength of 450
nm taking 540 nm as the reference wavelength 1n a micro-
plate reader.
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Example 10

ELISA

Rapid One Step Kinetics-Based

A customized rapid one step kinetics-based rapid ELISA
procedure could be employed for the detection of 1gG/IgM,

as specified 1 Vashist et al., Biosensors and Bioelectronics
67, 73-78, 2013.

Example 16

Rapid One Step Kinetics-Based ELISA Using
Paramagnetic Beads

A customized rapid one step kinetics-based ELISA pro-

cedure could be developed using paramagnetic beads for the
detection of IgG/IgM, as specified 1n Vashist et al., Analyti-
cal Biochemistry 456, 32-37, 2014.

Example 17

Centrifugal Microfluidics-Based Automated
Point-of-Care Immunoassay

A customized centrifugal microfluidics-based automated
point-of-care immunoassay procedure could be developed

using paramagnetic beads for the detection of 1gG/IgM, as
conceived 1 Czilwik et al., RSC Advances 5(76), 61906-
61912, 2015.

Example 18
Wash-Free Immunoassay

Manual and automated wash-iree MIAs could be devel-
oped for the detection of IgG and IgM. As an example, the
IA for IgG/IgM would involve the specific biomolecular
interactions of NP/SP/MP coated donor beads with another
goat/rabbit/mouse anti-human Ab-coated acceptor beads 1n
the presence of IgG/IgM 1n sample, which form immune
complexes and generate a chemiluminescent signal as the
donor and acceptor beads are in proximity. This format will
substantially reduce the assay duration and complexity (no
washing steps required) and would have high sensitivity and
broad dynamic range.

Example 19

Summary ol COVID-19 Multiplex Immunoassay
(MIA)

The MIA format involves the simultaneous detection of
IgG antibodies generated 1n humans after exposure to the
SARS-CoV-2 virus. The format employs PictArray™ tech-
nology for the spotting of SARS-CoV-2 structural proteins
(Nucleocapsid Protein (NP), spike protein (SP)) on mem-
brane-iree (1.e., polystyrene) assay surfaces.

The overall assay format for the COVID-19 MIA 1s
summarised 1 FIG. 1. The IgG antibodies against SARS-
CoV-2 are detected via indirect immunoassay. The SARS-
CoV-2 structural proteins (NP and SP) are printed as spots
on to the assay surface using a microarray printer, both
proteins are printed within the same assay well. Addition-
ally, NP and SP can either be printed as separate discrete
spots or as a mixture of both proteins printed as a single spot.

After printing SARS-CoV-2 proteins on the assay surface
(FIG. 2A), each well will be blocked with an appropriate
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blocking solution to eliminate any non-specific binding
(FI1G. 2B). The assay 1s divided into three distinct steps, with

a duration of 1 hour and 5 minutes. In the first step of the
assay, diluted patient serum 1s added, and the wells are
incubated at 37° C. for 30 minutes to allow the binding of
target analytes, 1.e., IgG antibodies to SARS-CoV-2 proteins
(FI1G. 2C). The wells are washed with wash butler to remove
any unbound serum components, followed by step two,

HRP-labelled detection antibodies, 1.e., anti-Human IgG-
HRP, are added, and the wells are 1ncubated at 37° C. for 15
minutes to allow the detection of the target analytes (FIG.

2D). The wells are washed for a second time to remove any
unbound detection antibodies. In the third step, HRP sub-
strate 1s added (a precipitating 3,3".5,5'-Tetramethylbenzi-
dine (TMB) solution), and the wells are incubated at room
temperature (21° C.-23° C.) for 20 minutes to allow the
visualisation of the array spots that the target analytes
present 1n the serum bind to (FI1G. 2E).

Example 20

COVID-19 MIA-Membrane Based, SARS CoV-2,
Structural Proteins Printed in Duplicate

The printed spots in the COVID-19 MIA are shown as
shaded circles where each circle of a particular shade
corresponds to a specific SARS-CoV-2 structural protein
that 1s printed on the membrane or the solid surface (FIG.
7A-B). The white circles signify that nothing has been
printed at that specific position.

The plate preparation and spotting were performed as
follows. Each antigen (SARS-CoV-2 NP and SARS-CoV-2
SP (51)) was diluted in NP-40 0.05% (1 volume of NP-40
0.05% 1n 9 volumes of antigen) and incubated for 15 min at
room temperature (20° C. to 25° C.), followed by the
addition of 2x print bufler (2xPB) and RO water. The final
solution has the antigen concentrations at 200 pug/ml and 200
ug/ml 1 1x print butler (1xPB) for SARS-CoV-2 NP and
SARS-CoV-2 SP, respectively. Biotinylated goat anti-mouse
IgGG 1s used as a positive control to confirm the addition of
the secondary antibody solution and also aids in the align-
ment of the image analysis software during the analysis of
results. Biotinylated goat anti-mouse IgG 1s printed at a
concentration of 20 ug/ml, 1n PB and RO water. Print builer
1s printed as the negative control 1n the assay. It indicates the
overall assay background. Twenty eight ul. of each of the
prepared proteins and print bufler solution were transierred
in a 384-well PCR plate for printing. The printing was
performed using the Thomas™ microarrayer under the fol-
lowing conditions: temperature—23° C. and relative humid-
1ity—356%. The pin 1s washed 1n RO water before each spot
1s printed. Visual quality control of the printed array was
performed to check spot positioning and morphology. The
slides were then dried for 30 minutes at 37° C. Seventy five
ul. of blocking solution was added to each slide well and
incubated at 37° C. for 30 minutes. Slides were inverted and
tapped to remove the blocking solution and dried for 15
minutes at 37° C. The dried slides were stored at 2-8° C. 1n
a plastic box with desiccants.

Slides were brought to room temperature prior to be used.
One volume of serum/plasma sample was added to 9 vol-
umes of assay diluent (1:10 dilution). Fifty ulL of diluted
sample was dispensed in each well then, the slides were
covered (using a plate cover) and incubated for 1 hour at 37°
C., followed by washing 3 times using 604, of washing
solution per well for each wash. Any excess liquid was
removed by mverting the slides. Fifty ul. of the secondary
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antibody (0.5 ug/ml) was added to each slide well, which
was then cover and incubated for 30 minutes at 37° C. The
slide was washed using 604, of washing solution per well for

three wash steps. Any excess liquid was removed by 1nvert-
ing the slide. Fifty ulL of DAB substrate diluted 1n Hydrogen

Peroxide (14202) (1 volume of DAB i 19 volumes of
H,O,) was added to each well of the slide and incubated for
5 minutes at room temperature in the dark. DAB was then
removed by mverting and tapping the slide onto an absor-
bent tissue, the slides were washed once using the washing,
solution, 1nverted and then dried 15 minutes at 37° C. The
slides were read using the Pictlmager™ reader and the data
automatically processed once the slides are scanned by the
Pictonal© software.

The COVID-19 MIA was assessed against the first WHO
international reference panel for anti-SARS-CoV-2 1mmu-
noglobulin, which 1s made up of five referenced samples
which have diflerent reactivities against NP and SP, printed
on our platform. Using SARS-CoV-2 Nucleocapsid Protein
as the target, the assay signals for the reference panel
correlated to the reactivity levels indicated by the provider,
1.€., the signal decreased from the highly reactive sample to

the low reactive one, and no reactivity for the negative
sample (FIG. 8).

Example 21
COVID-19 MIA-Membrane Free, Single Well

The printed spots 1 the COVID-19 MIA are shown as
shaded circles where each circle of a particular shade
corresponds to a specific SARS-CoV-2 structural protein
that 1s printed on the membrane or the solid surface (FIG.
9A-B). The white circles signify that nothing has been
printed at that specific position.

The plate preparation and spotting were performed as
follows. Each antigen (SARS-CoV-2 NP and SARS-CoV-2

SP (51)) was diluted 1n NP-40 0.05% (1 volume of NP-40
0.05% 1n 9 volumes of antigen) and incubated for 15 min at
room temperature, followed by the addition of 2x print
bufler (2xPB) and RO water. The final solution has the
antigen concentrations at 100 ug/ml and 200 pg/ml 1n 1x
print buller (1xPB) for SARS-CoV-2 NP and SARS-CoV-2
SP, respectively. Biotinylated goat anti-mouse IgG, used as
a positive control to confirm the addition of the secondary
antibody solution, also aids in the alignment of the image
analysis software during final result analysis. Biotinylated
goat anti-mouse IgG 1s printed as the positive control at a
concentration of 20 ug/ml, in PB and RO water. Print bufler
1s printed as the negative control in the assay. It indicates the
overall assay background. Twenty eight ul. of each of the
prepared proteins and print builer solution were transferred
in a 384-well PCR plate for printing. The printing was
performed using the Thomas™ microarrayer under the fol-
lowing conditions temperature—21.6° C. and relative
humidity—40-43%. The pin 1s washed 1n RO water before
cach spot 1s printed. Visual quality control of the printed
array was performed to check spot positioning and morphol-
ogy, before being sealed (parafilm) and incubated for ~22 h
at 2-8° C. Two hundred of blocking solution was added to
cach well of the microtiter plate, and incubated at room
temperature for 1 h. Plates were then washed three times
with 3004, of washing solution. Any remaiming liquid was
removed, and plates were left to dry for 20 min at room
temperature. The dried plates were sealed and stored at 2-8°

C.
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Plates were brought to room temperature prior to being
used. One volume of serum/plasma sample was added to 100
volumes of assay diluent (1:101 dilution). Dilution ratios for
ant1-N Protein reconstructed human mAb, IgG and anti-
Spike-RBD human reconstructed mAb, IgG were adjusted
to make a final concentration of 1 ug/ml for each Ab. The
samples were prepared 1n 1.1 ml tubes by mixing the added
samples with the assay diluent via multiple aspiration and
dispensing runs. This was followed by the dispensing of
1004, of each sample into the specific wells on the microtiter
plate. The plate was then sealed (parafilm) and incubated for
30 minutes at 37° C., followed by washing the plate 3 times
using 3004, of washing solution per well for each wash. Any
excess liquid was removed by tapping the plate. One hun-
dred uL of the secondary antibody (0.2 ug/ml) was added to
cach well of microtiter plate, which was then sealed (para-
film) and incubated for 15 minutes at 37° C., followed by
plate washing using 3004, of washing solution per well for
three wash steps. Any excess liquid was removed by 1nvert-
ing and tapping the plate. One hundred ul. of Pierce 1-step
ultra TMB Blotting solution was added to each well of the
microtiter plate, and incubated for 20 minutes at room
temperature in the dark. The TMB was then removed by
inverting and tapping the plate onto an absorbent tissue,
removing any remaining liquid. Plate was read within 5 min.
The plate was read using the sctREADER CL2, and the
“R&D Imaging & Analysis” software. The camera focus
was set to 270 during the reading. The assay background was
calculated based on four chosen positions across a well.

The results showed that the method used to clean the pin
was ellective. The efliciency of the cleaming method 1s
shown FIG. 10 where there are no colored spots appeared
where the print bufler was printed.

The casein-based blocker used was very eflicient 1 pre-
venting non-specific binding with-in wells while maintain-
ing the spots’ morphology. This 1s demonstrated in FIG.
11D-E, where a plasma sample reactive to both printed
targets was compared to a non-reactive sample. For both
samples, there 1s no excessive background 1n the well, for
the reactive sample, as the assay spots are clearly difieren-
tiable from the background.

The signals obtained during the analysis of results, are
automatically processed by the software, which calculates
the mean of each spot intensity and subtracts the background
(F1G. 10). The presence of airborne particles at the bottom
of the well occasionally increase the background signal, 1n
these cases, an absolute value of 72 AU was used as the
background median value. As each protemn i1s printed in
duplicate per well, the median of the two replicates signal
was used as the well intensity. For the results presented, each
sample was run in two wells, results are therefore an average
of the four reactive spots (duplicate spots from two wells).

The ability of the assay to differentiate between anti-
SARS-CoV-2 Nucleocapsid Protein IgG antibodies and anti-

SARS-CoV-2 Spike Glycoprotein S1 IgG antibodies was
tested using the Anti-N Protein reconstructed human mAb,
IgG (anti-N Protein mAb) and Anti-Spike-RBD human
reconstructed mAb, IgG (Anti-Spike-RBD). When the
anti-N Protein mAb was used as the sample, only the assay
spots printed with SARS-CoV-2 Nucleocapsid Protein
resulted 1n a positive reaction (FIG. 11B). On the contrary,
when the Anti-Spike-RBD mAb was used as the sample,
only the assay spots with anti-SARS-CoV-2 SP reacted
positively (FIG. 11C).

Two control samples were used to evaluate the perfor-
mance ol the COVID-19 MIA. One of them was the
Anti-SARS-CoV-2 Antibody, a sample collected from a
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COVID-19 PCR positive-confirmed patient at least 4 weeks
after symptoms and recovery. This control showed good
reactivity and a CV of less than 10% on both SARS-CoV-2
Nucleocapsid Protein and SARS-CoV-2 Spike Glycoprotein
S1 targets (Table 1). The second control material was
ant1-SARS-CoV-2 (QC1, a sample obtained from two con-
valescent plasma packs known to be SARS-CoV-2 positive.
This sample has shown a strong reactivity for SARS-CoV-2

NP but a low reactivity for SARS-CoV-2 SP, results gave a
CV less than 5% for both NP and SP targets (Table 1).

TABLE 1

Assessment of some positive controls and the First WHO
International Standard for Anti-SARS-CoV-2 Ie(G (human).

SARS-CoV-2
Nucleocapsid
Protein as target

SARS-CoV-2

Spike Protein
(81) as target

Samples tested Means CV  Means CV
Anti-SARS-CoV-2 Antibody 70.9 820 31.3 8%
Anti-SARS-CoV-2 QCl1 58.2 1% 10.7 0%
First WHO International 68.7 7% 53.9 16%

Standard for Anti-SARS-CoV-2 IgG

The assay was evaluated using the first WHO interna-
tional standard for anti-SARS-CoV-2 immunoglobulin (hu-
man). The reactivities obtained for both targets were high,
however, the CV for the SARS-CoV-2 Spike Glycoprotein
S1 was approximately 16% (Table 1.). Even though the
results were promising, the assay was assessed using another
reference panel. The first WHO international reference panel
for anti-SARS-CoV-2 immunoglobulin, 1s made up of five
referenced samples, which have difierent reactivities against
NP and SP. Using SARS-CoV-2 Spike Glycoprotein S1 as

the target, the assay signals for the reference panel correlated
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to the reactivity levels indicated by the provider, 1.e., the
signal decreased from the highly reactive sample to the low
reactive one, and no reactivity for the negative sample (FIG.

12).

The performance of developed assay was compared with
that of other commercial tests using the samples 1n the
NIBSC Anti-SARS-CoV-2 verification panel. The panel
comprises 37 samples, 23 samples from convalescent
plasma packs known to be anti-SARS-CoV-2 positive and
14 from convalescent plasma packs known to be anti-SARS-
CoV-2 negative. All samples were tested using several
commercial tests. The results obtained are summarized 1n
Table 2. As the developed assay can detect the I1gG antibod-
ies against SARS-CoV-2 Nucleocapsid Protein and IgG
antibodies against SARS-CoV-2 Spike Glycoprotein S1 1n a
single well, the results obtained with each target were

compared to the commercial tests that use the same target 1n
theirr assay for NP and SP, 1.e., SARS-CoV-2 NP and

SARS-CoV-2 SP (S1, S1/582 or S1-RBD). Except for the
Pictor assay, the values reported 1n the table are taken from
the datasheet of NIBSC panel. The values for the Pictor
assay are the average of two replicates. Please note that the
values are different for each company, which cannot be
compared as they employ different readout mechanisms.

For both viral proteins, the 23 positive samples generate
very strong signals, which can clearly be differentiated from
the negligible signals obtained using the 14 negative
samples. The results obtained correlate with the results
obtained by other commercial tests. For the SARS-CoV-2
NP spots, the negative samples have a signal below 3 AU
(Arbitrary Units). The only exception 1s panel #34, which
has a signal of 5.8 that 1s still very low considering the
lowest signal obtained across the positive ones 1s 52.3 AU
for panel #16. Whereas for SARS-CoV-2 Spike Glycopro-
tein (S1) spots, there was no reactivity obtained on any of the
negative samples tested.

TABLE 2

Assessment of the Anti-SARS-CoV-2 NIBSC verification panel for serology assavs.

SARS-CoV-2 Nucleocapsid Protein as target SARS-CoV-2 Spike Glycoprotein (S1) as target

Abbott
Panel # Architect
1 3.7
2 1.4
3 6.5
4 4.2
5 7.2
6 4.2
7 4
8 7.2
9 5.8
10 5.8
11 1.8
12 4.4
13 6.4
14 4.5
15 5.3
16 1.2
17 3.9
18 6.4
19 5.1
20 4.5
21 7
22 5.5
23 5
24 0.02
25 0.05
26 0.12
27 0.01

Euro- ROCHE Liaison Siemens Furo-

Immun Elecsys Pictor (S1/52) (S1, RBD) Immun Pictor
2.7 17.2 85.9 20.2 0.6 1.7 34.9
2.1 8.8 65.6 37.5 0.98 3.2 46.2
6.2 50.7 85.3 260.7 >20.0 8.5 89.3
3.7 27.5 86.2 202 >20.0 7.9 88.2
5.8 90.5 67.0 226 >20.0 8.5 76.1
3.1 54.9 53.9 75 12.2 5.8 47.3
2.9 8.9 58.4 105.3 8.8 5.7 59.1
5 101.3 67.2 163 >20.0 7.1 72.2
5.6 50.1 88.5 166.7 >20.0 7.9 90.0
5.5 49.9 84.6 174.3 >20.0 8 84.4
1.4 14.2 59.1 74.7 4.2 4.6 61.6
3.4 51 81.1 86.2 4.7 4.9 62.9
4.3 101.7 58.9 R7.4 5.4 5.1 38.6
3.3 70.1 53.9 88.5 5.3 4.8 36.1
3.9 108 68.2 110.7 6.5 5.7 51.9
2.4 4.6 52.3 79.1 1.9 4.2 34.8
3.1 26.6 91.7 111.7 12.2 6.1 73.9
4.9 82.5 87.6 161.3 >20.0 7.6 83.6
5.1 58.8 86.2 148 12.2 5.8 62.4
3.3 141.7 78.3 145.7 10.3 6.2 76.5
4.9 108.3 71.7 117.3 15.2 6.6 28.4
3.5 132 64.3 151 13.5 6.7 54.7
3.4 123.3 635.1 140.7 8.4 6.5 57.8
0.05 0.02 0.0 <3.8 0 0.09 0.0
0.1 0.08 1.3 <3.8 0.03 0.08 0.4
0.17 0.07 2.9 <3.8 0.01 0.39 0.0
0.03 0.07 0.3 <3.8 0 0.08 0.0
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TABLE 2-continued
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Assessment of the Anti-SARS-CoV-2 NIBSC verification panel for serology assavs.

SARS-CoV-2 Nucleocapsid Protein as target SARS-CoV-2 Spike Glycoprotein (81) as target

Abbott Euro- ROCHE Liaison Siemens
Panel # Architect  Immun Elecsys Pictor (S1/82) (S1, RBD)
28 0.03 0.03 0.07 0.0 <3.8 0
29 0.01 0.02 0.07 0.0 <3.8 0
30 0.16 0.15 0.08 0.0 <3.8 0.01
31 0.01 0.09 0.07 0.0 <3.8 0
32 0.03 0.04 0.07 0.0 <3.8 0
33 0.04 0.08 0.07 1.2 <3.8 0
34 0.01 0.18 0.08 5.8 <3.8 0
35 0.01 0.05 0.07 0.8 8.43 0
36 0.04 0.2 0.07 0.0 <3.8 0
37 0.03 0.06 0.07 0.0 <3.8 0

Example 22

COVID-19 MIA-Membrane Free, Single Well, with
Grouped SARS-CoV-2 Structural Proteins

The printed spots 1n the COVID-19 MIA are shown as
shaded circles where each circle of a particular shade
corresponds to a specific SARS-CoV-2 structural protein
that 1s printed on the membrane or the solid surface (FIG.
13A-B). The white circles signify that nothing has been
printed at that specific position.

The plate preparation and spotting were performed as
follows. One volume of NP-40 0.05% was added to 9
volumes of antigens solution made of SARS-CoV-2 NP &
SARS-CoV-2 SP(S1). The preparation was incubated for 15
min at room temperature. This 1s followed by the addition of
2xPB and the required volume of RO water to the solution
so that the target antigen and print buller concentrations are
achieved. The final solution contained SARS-CoV-2 NP at
100 ug/ml and SARS-CoV-2 SP(S51) at 200 ug/ml 1n 1xPB.
Biotinylated goat anti-mouse I1gG 1s used as positive control.
It 1s used to ascertain that the secondary antibody solution
was added to the well and helps the 1image analysis software
to detect the printed array. It was printed at a concentration
of 20 pg/ml, which was achieved via dilution in 2xPB and
RO water. The print builer 1s printed as such on the array and
1s used as negative control for the assay. It indicates the
quality of printing, the intensity of background induced by
the print bufler alone and, the overall assay background.
Twenty eight ulL of each of the prepared proteins and print
butler solution were transferred 1n a 384-well PCR plate for
printing. The printing was performed using the Thomas™
microarrayer. The temperature inside the arrayer during the
printing was 22.8° C., while the humidity was between 40%.
The array was printed 1n three steps: 1) spots Al, C1, FEl
were printed first, which 1s followed sequentially by the
printing of spots A2 & A3, and E2, E3 & E5. Belore each
spot 1s printed, the arrayer washes the pin with RO water 1n
the washing chamber and dries 1t 1n the drying chamber. The
consecutive wash and dry steps are performed three times
and then the pin goes in the next source plate’s well to
collect the preparation and starts the printing of respective
spots. A visual quality control of the printed array was done
to ensure that the spots were at the right position and had a
good morphology. The plates were then sealed with parafilm
and incubated for ~19 h at 2-8° C. 1n a refrigerator. The
blocker was stored between 2 to 8° C. (with an average
temperature of 4° C.) since the preparation day. It was left
at room temperature for 25 min prior to being used, while the
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Furo-

Immun Pictor
0.07 0.0
0.06 0.0
0.27 0.0
0.1 0.0
0.11 0.0
0.11 0.3
0.09 0.0
0.07 0.0
0.07 0.0
0.12 0.0

plate was left at the same temperature for 5 min prior to
being blocked. Two hundred ul. of blocking solution was
added to each well of the microtiter plate, which was then
sealed using parafilm and incubated at room temperature for
1 h. This was followed by washing the plate three times on
a plate washer with 3004, of washing solution. The washed
plate was then tapped onto an absorbent tissue to remove any
remaining liquid and left in the biosafety cabinet for 20 min
at room temperature. The dried plate was sealed and stored
at 2-8° ° C. m a relngerator.

The plate was left at room temperature for 30 min prior to
being used. One volume of sample was added to 100
volumes of assay diluent (1:101 dilution). However, appro-
priate dilution ratios were used for anti-N Protein recon-
structed human mAb, IgG and anti-Spike-RBD human
reconstructed mAb, IgG to make a final concentration of 1
ug/ml for each Ab. The samples were prepared in 1.1 ml
tubes by mixing the added samples with the assay diluent via
multiple aspiration and dispensing runs. This was followed
by the dispensing of 1004, of each sample into the specific
wells on the microtiter plate. The plate was then sealed using,
a parafilm and incubated for 30 minutes at 37° C. This was
followed by washing the plate 3 times using 3004, of
washing solution per well for each wash. The washed plate
was then tapped onto an absorbent tissue to remove any
remaining liquid. One hundred pL of the secondary antibody
(0.2 ug/ml) was added to each well of the microtiter plate,
which was then sealed using a parafilm and imncubated for 15
minutes at 37° C. This was followed by washing the plate 3
times using 3004, of washing solution per well for each
wash. The washed plate was then tapped onto an absorbent
tissue to remove any remaining liquid. One hundred pl of
Pierce 1-step ultra TMB Blotting solution was added to each
well of the microtiter plate, which was then covered and
incubated for 20 minutes at room temperature in the dark.
The TMB was then removed by inverting the plate, which
was tapped onto an absorbent tissue to remove any remain-
ing liquid and read within 5 min. The plate was read using
the sctREADER CL2, and the “R&D Imaging & Analysis™
section of the software was used to read the plate. The
camera focus was 270 during the reading. The assay back-
ground was calculated based on four chosen positions across
a well.

The results showed that the method used to clean the pin
was ellective. The efliciency of the cleaming method 1s
shown FIG. 14 where there are no colored spots appeared
where the print bufler was printed.

The casein-based blocker used was very eflicient 1n pro-
tecting the non-specific binding 1n wells while maintaining
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the spots’ morphology. It 1s demonstrated 1n FIG. 15D-E
where a plasma sample reactive to both printed targets and
a non-reactive one was tested. For both samples, there 1s no
excessive background in the well and for the reactive
sample, the assay spots are clearly diflerentiable from the
background.

The signal used during the analysis are automatically
processed by the software, which calculates the mean of
cach spot intensity and subtracts the background (FI1G. 14).
The presence of some airborne particles at the bottom of the
well may increase the background signal. For those cases, an
absolute value of 72 AU was used as the background median
value. As each protein 1s printed in duplicate per well, the
median of the two replicates signal was used as the well
intensity. Each sample was run 1n two wells. Therefore, the
values reported here are the summary of those duplicates.

To demonstrate the capability of the platform to give a
signal if the sample 1s only positive for anti-SARS-CoV-2
Nucleocapsid Protein IgG antibodies or anti-SARS-CoV-2
Spike Glycoprotein S1 IgG antibodies, 1t was tested against
the following monoclonal antibodies: Anti-N Protein recon-
structed human mAb, IgG (anti-N Protein mAb) and Anti-
Spike-RBD human reconstructed mAb, IgG (Anti-Spike-
RBD). The assay spots were visible both when anti-N
Protein mAb (FIG. 15B) and Anti-Spike-RBD mAb were
used as samples (FIG. 15C).

Two control samples were used. The Anti-SARS-CoV-2
Antibody gave good results with a CV of less than 10%
(Table 3). Similarly, anti-SARS-CoV-2 QCI1 also showed
good results with a CV of around 12% (Table 3).

TABLE 3

Assessment of some positive controls and the First WHO
International Standard for Anti-SARS-CoV-2 [gG (human).

SARS-CoV-2
Nucleocapsid Protemn &

Spike (S1) as tarpget

Samples tested Means CV
Anti-SARS-CoV-2 Antibody 66.6 8%
Anti-SARS-CoV-2 QCl1 29.3 12%
First WHO International 71.9 12%

Standard for Anti-SARS-CoV-2 IgG
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The developed assay was evaluated using the first WHO

international standard for anti-SARS-CoV-2 immunoglobu-
lin (human), which showed good results with a CV of about
12% (Table 3). Further, the first WHO 1nternational refer-

ence panel for anti-SARS-CoV-2 immunoglobulin was also

tested. The assay signals correlated to the levels indicated by
the provider, 1.e., the signals decrease from the high reactive
panel sample to the low reactive one and no signal for the
negative sample. However, 1t 1s important to take into
consideration the standard deviation of samples (FIG. 16).

The performance of the developed assay was compared
with that of other commercial tests using the samples in the
Anti-SARS-CoV-2 verification panel. The panel comprises
3’7 samples, which has twenty-three samples from conva-
lescent plasma packs known to be ant1-SARS-CoV-2 posi-
tive and fourteen from convalescent plasma packs known to
be anti-SARS-CoV-2 negative. All samples were tested
using several commercial tests. The results obtained are

summarized in Table 4. As the developed assay can detect
the IgG antibodies against SARS-CoV-2 Nucleocapsid Pro-

tein and IgG antibodies against SARS-CoV-2 Spike Glyco-
protein S1 1n a single well, the results obtained with each
target were compared to the commercial tests that use the
same target in their assay for NP and SP, 1.e., SARS-CoV-2
NP and SARS-CoV-2 SP (S1, S1/S2 or S1-RBD).

For both viral proteins, the twenty-three positive samples

generate very strong signals, which can clearly be differen-
tiated from the negligible signals obtained using the fourteen
negative samples. The results obtained correlate with the
results obtained by other commercial tests. The negative

samples had signals of less than 1 AU.

Except for Pictor, the values reported 1n the table are taken
from the datasheet of NIBSC panel. The values for Pictor are
the average of two replicates. Please note that the values are

different for each company, which cannot be compared as

.

‘erent readout mechanisms.

they employ di
TABLE 4

Assessment of Anti-SARS-CoV-2 verification panel for serology assays.

SARS-CoV-2 Nucleocapsid Protein as target SARS-CoV-2 Spike Glycoproten (S1) as target

Abbott Furo- ROCHE Euro- Liaison Siemens
Panel # Architect Immun Elecsys Immun (S1/82) (S1, RBD)  Pictor
1 3.7 2.7 17.2 1.7 20.2 0.6 87.6
2 1.4 2.1 8.8 3.2 37.5 1.0 70.8
3 6.5 6.2 50.7 8.5 260.7 >20.0 86.5
4 4.2 3.7 277.5 7.9 202.0 >20.0 87.2
5 7.2 5.8 90.5 8.5 226.0 >20.0 72.4
6 4.2 3.1 54.9 5.8 75.0 12.2 58.0
7 4.0 2.9 8.9 5.7 105.3 8.8 67.3
8 7.2 5.0 101.3 7.1 163.0 >20.0 76.1
9 5.8 5.6 50.1 7.9 166.7 >20.0 96.9
10 5.8 5.5 49.9 8 174.3 >20.0 91.6
11 1.8 1.4 14.2 4.6 74.7 4.2 68.4
12 4.4 3.4 51.0 4.9 86.2 4.7 76.7
13 6.4 4.3 101.7 5.1 R7.4 54 66.7
14 4.5 3.3 70.1 4.8 88.5 5.3 60.9
15 5.3 3.9 108.0 5.7 110.7 6.5 77.9
16 1.2 2.4 4.6 4.2 79.1 1.9 61.6
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TABLE 4-continued
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Assessment of Anti-SARS-CoV-2 verification panel for seroloev assavs.

SARS-CoV-2 Nucleocapsid Protein as target SARS-CoV-2 Spike Glycoprotein (81) as target

Abbott Euro- ROCHE Euro- Liaison Siemens
Panel # Architect Immun Elecsys Immun (S1/82) (S1, RBD)  Pictor
17 3.9 3.1 26.6 6.1 111.7 12.2 94.1
18 6.4 4.9 82.5 7.6 161.3 >20.0 89.8
19 5.1 5.1 58.8 5.8 148.0 12.2 78.8
20 4.5 3.3 141.7 6.2 145.7 10.3 71.9
21 7.0 4.9 108.3 6.6 117.3 15.2 71.9
22 5.5 3.5 132.0 6.7 151.0 13.5 66.4
23 5.0 3.4 123.3 6.5 140.7 8.4 71.2
24 0.0 0.1 0.0 0.09 <3.8 0.0 0.0
25 0.1 0.1 0.1 0.08 <3.8 0.0 0.0
26 0.1 0.2 0.1 0.39 <3.8 0.0 0.0
27 0.0 0.0 0.1 0.08 <3.8 0.0 0.0
28 0.1 0.0 0.1 0.07 <3.8 0.0 0.0
29 0.0 0.0 0.1 0.06 <3.8 0.0 0.0
30 0.2 0.2 0.1 0.27 <3.8 0.0 0.0
31 0.0 0.1 0.1 0.1 <3.8 0.0 0.0
32 0.0 0.0 0.1 0.11 <3.8 0.0 0.0
33 0.0 0.1 0.1 0.11 <3.8 0.0 0.0
34 0.0 0.2 0.1 0.09 <3.8 0.0 0.0
35 0.0 0.1 0.1 0.07 8.4 0.0 0.0
36 0.0 0.2 0.1 0.07 <3.8 0.0 0.0
37 0.0 0.1 0.1 0.12 <3.8 0.0 0.0

Although the invention has been described with reference
to the above examples, 1t will be understood that modifica-
tions and variations are encompassed within the spirit and
scope of the invention. Accordingly, the invention 1s limited
only by the following claims.

What 1s claimed 1s:
1. A method of detecting anti-SARS-CoV-2 antibodies
from a sample from a subject comprising:
contacting a substrate for surface plasmon resonance,
localized surface plasmon resonance or interferometry
detection of a plurality of target analytes with a bio-
logical sample from the subject, wherein the subject 1s
suspected of having a SARS-CoV-2 infection or 1s or
has been exposed to SARS-CoV-2; and
detecting the presence of an anti-SARS-CoV-2 antibody,
wherein the detection method 1s surface plasmon reso-
nance, localized surface plasmon resonance or inter-
ferometry,
wherein the substrate comprises an assay spot comprising
at least two capture elements specific for SARS-CoV-2
printed on the substrate, each capture element corre-
sponding to and being able to bind a target analyte,
wherein the at least two capture elements are each a
SARS-CoV-2 protein that binds to an antibody target
analyte; and the SARS-CoV-2 protein 1s selected from
the group consisting of a SARS-CoV-2 membrane
protein (MP), nucleocapsid protein (NP), spike protein
(SP), envelope protein (EP) and any combination
thereof, and
wherein the substrate 1s a porous membrane, a microtiter
plate or a microparticle, thereby detecting anti-SARS-
CoV-2.
2. The method of claim 1, wherein the antibody 1s 1gG.
3. The method of claim 1, wherein the sample 1s a blood
sample, a saliva sample or a fluid obtained from the subject.
4. The method of claim 3, wherein the blood sample 1s
serum or plasma.
5. The method of claim 1, wherein binding of target
analytes to the anti-SARS-CoV-2 antibody capture element

1s indicative of the production of antibodies by the subject 1n
response to SARS-CoV-2 ifection.
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6. The method of claim 1, wherein the substrate further

comprises one or more control spots comprising control
clements selected from the group consisting of:
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a) at least one fiduciary marker,
b) at least one negative control to monitor background

signal,

c) at least one negative control to monitor assay speci-
ficity,

d) at least one positive colorimetric control,

¢) at least one positive control to monitor assay perior-
mance and any combination thereof.

7. A method for processing a microarray comprising:

a) providing a substrate for surface plasmon resonance,
localized surface plasmon resonance or interferometry
detection of a plurality of target analytes, wherein the
substrate comprises an assay spot comprising at least
two capture elements specific for SARS-CoV-2 printed
on the substrate, each capture element corresponding to
and being able to bind a target analyte, wherein the at
least two capture elements are each a SARS-CoV-2
protein that binds to an antibody target analyte; and the
SARS-CoV-2 protein 1s selected from the group con-
sisting of a SARS-CoV-2 membrane protemn (MP),
nucleocapsid protein (NP), spike protein (SP), enve-
lope protein (EP) and any combination thereof, and
wherein the substrate 1s a porous membrane, a micro-
titer plate or a microparticle;

b) adding at least one sample to the substrate; and

¢) processing the substrate such that a detectable result 1s
given by two or more of 1) at least one fiduciary marker,
11) at least one positive colorimetric control, and 111) at
least one positive control to monitor assay perior-

mance.
8. The method of claim 7, wherein the substrate further

comprises one or more control spots comprising control
65 elements selected from the group consisting of:

a) at least one fiduciary marker, b) at least one negative
control to momtor background signal, ¢) at least one



US 11,703,507 B2

33

negative control to monitor assay specificity, d) at least
one positive colorimetric control, ) at least one posi-
tive control to monitor assay performance and any
combination thereof.

9. A substrate for surface plasmon resonance, localized
surface plasmon resonance or interferometry detection of a
plurality of target analytes comprising:

(1) an assay spot comprising at least two capture elements
specific for SARS-CoV-2 printed on the substrate, each
capture element corresponding to and being able to
bind a target analyte, wherein:

the at least two capture elements are each a SARS-CoV-2
protein that binds to an antibody target analyte; and

the SARS-CoV-2 protemn 1s selected from the group
consisting of a SARS-CoV-2 membrane protein (MP),
nucleocapsid protein (NP), spike protein (SP), enve-
lope protein (EP) and any combination thereof, and (11)
optionally one or more control spots comprising con-
trol elements selected from the group consisting of:

a) at least one fiduciary marker,

b) at least one negative control to momtor background
signal,

c) at least one negative control to monitor assay speci-
ficity,

d) at least one positive colorimetric control,

¢) at least one positive control to momitor assay perfor-
mance and any combination thereof,

wherein the substrate 1s a porous membrane, a microtiter
plate or a microparticle.
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10. The substrate of claim 9, wherein the antibody target
analyte 1s an anti-SARS-CoV-2 antibody, fragment or bind-
ing domain thereof.

11. A method for detecting an analyte 1n a sample com-
prising:

a) providing a substrate of claim 9,

b) adding at least one sample to the substrate, and

¢) processing the substrate such that a detectable result 1s

provided, thereby detecting an analyte 1n the sample.

12. The method of claim 11, wherein the detectable result
includes two or more of at least one fiduciary marker, at least
one positive colorimetric control, and at least one positive
control to detect an analyte in the sample.

13. A kit comprising: a) a substrate of claam 9 and
optionally one or both of b) a background reducing reagent,
and ¢) a colorimetric detection system.

14. The kit of claim 13, further comprising one or more
items selected from the group consisting of: a) a wash
solution, b) one or more antibodies for detection of antigens,
ligands or antibodies bound to the capture elements or for
detection of the positive controls, and c¢) instructions for
measuring the presence of target analytes 1n a sample.

15. The kit of claim 14, wherein the antibodies for
detection comprise antibody-binding protein (BP) conju-
gates, antibody-enzyme label conjugates, or any combina-
tion thereof.

16. The kit of claim 14, wherein the sample 1s a blood
sample, a saliva sample or a fluid obtained from the subject.

17. The kit of claim 16, wherein the blood sample 1s

serum or plasma.



	Front Page
	Drawings
	Specification
	Claims

